To determine whether ochratoxin is produced by species of Aspergillus other than A. ochraceus, 44 strains representative of the nine species composing the A. ochraceus group were grown on both pearled wheat and cracked corn in duplicate shaken flasks at 28 C for 5 days. Rice was a poor substrate for production of ochratoxin. Molded substrates were extracted with acetonitrile-water; partially purified e.'ctracts were assayed for ochratoxins by thin-layer chromatography. All positive samples were confirmed by solubility in sodium bicarbonate and the preparation of methyl esters. Ochratoxins A and B were found in some strains of A. SlllphllrC1ls, A. sc/erotiorum, A. alliaceus, A. melleus, A. ochracells, A. ostian/Is, and A. petrakii. No ochratoxin was produced by the one strain of A. elegans or any of six strains of A. auricomtls. Five of nine strains of A. sclerotiorum and five of 11 strains of A. ochracells were negative. All seven strains of A. alliaceus were positive, but one was at a very low level. Generally, yields of ochratoxin were higher in wheat than in corn. Occasionally, as much ochratoxin B was produced as A. Highest yields of ochratoxins A and B were obtained from respective strains of A. ochracetls NRRL 3174 and NRRL 3519. Some strains of most species of the A. ochraceus group produce this mycotoxin as a secondary metabolite.
l\1YCOLOGIA, VOL. 64, 19i2 3,4-dihydro-3R-methylisocoumarin linked over its i-carboxy-group to l-,8-phenylalanine by an amide bond. Ochratoxins Band C are the dechloro-and ethyl ester, respectively, of ochratoxin A.
The LDr.o of ochratoxin is stated to be =25 }Lg per 50 g per os for ducklings and. therefore. is within the range of toxicity of aflatoxin. The toxin causes an acute fatty infiltration of parenchymal liyer cells in ducklings. \Ve have reponed the first natural occurrence of this toxin in corn (Shotwell et al., 1969) . Recently, Canadian workers discovered that ochratoxin is formed by Penicillium viridicatum \Vestling (van vValbeek et al., 1969) . \Ve have examined their strain and confirmed its ability to produce ochratoxin. Lai et al. (1968 Lai et al. ( , 1970 , working under a contract with the Northern Regional Research Laboratory, found ochratoxin A to be produced on wheat inoculated with A. melleus Yukawa (NRRL 3520) and A. sulphureus (Fres.) Thorn & Church (NRRL 4077) .
In view of the importance of ochratoxin as a hazard to animals and man, the objective of this study was to determine how many of the species in the A. ochraceus group produce this toxin. According to Raper and Fennell (1965) , the group includes the species A. sulphureus (Fres.) Thorn Voros. If these species make up a natural group, then one might expect to find some or all of them producing ochratoxins.
MATERIALS AND METHODS
Fungus cultures: Forty-four strains representing all the species in the A. ochraceus group were selected from the ARS Culture Collection. In many instances, several strains were used since it was hllown that not all A. fiavlts strains will produce aflatoxin. Aspergillus ochraceus KRRL 3174, the strain CK 804) from which ochratoxin was isolated and characterized by van der 1\1erwe et al. (1965a) , was used as the control. Both typical and atypical strains were selected for the survey. Some had been maintained by periodic transfer for many years; others had been maintained by lyophilization with no more than two or three transfers between isolation and preservation.
The cultures were grown on potato dextrose agar slants for 2 weeks at 28 C. Spore suspensions were prepared by flooding a sporulated slant culture with 10 ml of sterile tap water and scraping lightly to loosen the conidia. Each flask containing 150 g of dry substrate, prepared as described below, was inoculated with 8 mlof the spore 541 suspension. The inoculated flasks were incubated on a Gump shaker at 28 C for 5 days. At 24 and 48 hr, 3 ml of sterile tap water were added to each flask.
Preparation of medium: Hard red winter wheat (Conley), pearled to abrade the surface of the kernels and permit ready infection by the mold hyphae, and cracked yellow dent corn were used in 150-g quantities in cotton-stoppered Fernbach flasks. For wheat, 55 ml of cold tap water were added to each flask, the cotton plugs were covered with metal foil to prevent evaporation, and flasks were allowed to stand overnight. The following day, kernels were separated by shaking and flasks were sterilized by autoc1aving for 20 min at 120 C. For corn, 45 ml tap water were added to each flask. \Vithin 2 hr the corn had absorbed all the water and flasks were sterilized. Separation of corn kernels was accomplished by shaking at the time of inoculation. Long-grain rice, used in preliminary experiments to determine optimal substrate, was treated in the same fashion as the cracked corn.
Extraction of ochratoxin: l\foldy corn or wheat (10 g) was placed with acetonitrile: water (90: 10, vIv) (200 ml) and hexane (100 ml) in an explosion-proof \Varing Blendor. The mi:Xi:ure was blended 3 min and filtered through fluted filter paper (Whatman No. 12) into a 500-ml separatof')' funnel. One-hundred milliliters of the acetonitrile-\\'ater layer were collected, washed once in a separatory funnel with hexane (100 ml), and placed in a 150-ml beaker to be taken to dryness under nitrogen on a steam bath. The residue was transferred quantitatively to a 4-dram vial and dissolved in 1 ml glacial acetic acid: benzene ( 1 : 99, v/v) for thin-layer chromatography (TLC).
Thin-layer chromatography: u1) were spotted alone and in admixture with 1 p.l standard solutions on Adsorbosil-1 (Applied Science Laboratories) plates 0.5-mm thick and developed about 16 em with glacial acetic acid: benzene (10: 90, vIv) in an unlined, unequilibrated tank. Standards were dissolved in glacial acetic acid: benzene (1: 99, v/v) at the following concentrations: Ochratoxin A, 11.5 p.g/ml, and ochratoxin B, 12.5 p.g/ml. If fluorescent zones appeared in areas on plates where methyl and ethyl esters of A and B would be expected, admixtures of unknowns with the esters were run. The sensitivity of the assay carried out in this manner was 0.1 p.g/g.
If ochratoxin A or B were detected, amounts were determined by visual comparisons with standards, making appropriate dilutions if necessary. When separation of impurities and ochratoxins was not satisfactory, TLC was run with a second solvent system, methanol: glacial acetic acid: benzene (5: 5 : 90, vIv/v) .
Confirmatory tests:
Identifications of fluorescing compounds as ochratoxins A and B were confirmed by their solubility in 0.1 :M sodium bicarbonate and preparation of the methyl ester of the bicarbonatesoluble material. Methyl esters were prepared by treating a chloroform solution of the compound to be identified with 14% boron trifluoride in methanol. The methylated material was compared by TLC with methyl esters of ochratoxin.
RESULTS
To determine the optimal substrate and the fermentation time required for maximum yield, preliminary experiments were conducted with A. ochraceus NRRL 3174 on wheat, corn, and rice. The con- tinuous shaker technique, developed and used successfully in our laboratories for aflatoxin production (Shotwell et al., 1966) was employed. Yields of ochratoxin A on rice were low in comparison with amounts formed on corn and wheat. In an attempt to increase the yield on rice and improve growth of the organism on both rice and wheat, these two substrates were utilized in a second exploratory experiment in which 3 ml of sterile tap water were added to each flask at 24, 48, and 72 hr. By 5 days, growth on both substrates was clearly visible with the rice turning to a grayish tan and the wheat kernels swollen and showing molding in the creases of the kernels. Only occasionally was sporulation apparent, except in cracks of the kernels, because the grinding action of the loose kernels prevented surface growth. Duplicate flasks were assayed from the second day through the seventh day except that four flasks were harvested on the fifth day. Again, low yields of ochratoxin were obtained on rice and, consequently, this substrate was abandoned in further work. Wheat, on the other hand, gave excellent yields. Appreciable production of ochratoxin occurred in 4 days, and high yields were obtained in 5 days with toxin production slightly increasing in 7 days (TABLE I) . However, yields on the fifth day approached the maximum; therefore, we arbitrarily chose 5 days for harvesting.
The results of the study of the capability of 44 Aspergilli strains to produce ochratoxins are presented in TABLE II. An organism that produced ochratoxin A in appreciable amounts also produced B, but in lower yields. Occasionally, however, as much ochratoxin B was produced as A; for example, A. alliaceus NRRL 316 on wheat. \Vheat \vas a better substrate than corn for mycotoxin production for 12 of the 14 higher ochratoxin-producing strains of Aspergilli. Methyl or ethyI esters of ochratoxins A and B were not formed under the conditions of our fermentation, which was terminated after 5 days.
Our yields compared favorably to those of Lai et al. (1970) who shook his solid substrates by hand once a day and harvested the fermentation after 6 days. Schindler and Nesheim (1970) Christensen and Kaufmann (1969) have found it not unusual to isolate A. ochraceus from 3% of surface-disinfected kernels of wheat or corn that had undergone some deterioration in storage, but they have never encountered a hf.avy invasion of A. ochraceus in a wide. variety • One hundred and fifty grams of substrate per Fernbach flask incubated on shaker at 28 C and harvested at 5 days.
of stored grains and seeds of U. S. origin. Some lots of corn from Mexico, however, have yielded up to 30% infected kernels. Aspergillus ochraceus became the predominant organism in stored corn when the grain was kept at a moisture content of about 19% and at a temperature of 25 C for 14-32 days (Lopez and Christensen, 1967) . The species was among fungi associated with hot spots in farm-stored oats by Wallace and Sinha (1962) in Canada. Aspergillus ochracC1ls was reported as one of the predominant organisms in rice of Chiba prefecture by Miyaki et al. (1969) . Christensen (1969) has also identified A. ochraceus from rice but never as a predominant fungus. Poisson and Guilbot (1956) , Inagaki and Ikeda (1959) , and Hesseltine and Graves (1966) all have found A. ochraceus present in wheat flours, and Pomeranz et al. (1956) attributed a particularly deleterious effect on this substrate to the proteolytic enzymes of A. ochraceus and A. flavus. Leyendecker (1954) encountered A. ochraceus at approximately the 15-20% level in sun-dried chili produced in southern New Mexico in 1948 Mexico in , 1949 Mexico in , and 1950 . One of the strains included in our survey (NRRL 400) was isolated from Capsicum in 1916. Christensen et al. (1967) reported A. ochraceus (and A. flaws) in relatively large numbers in samples of ground black and red pepper collected in the U. S.
Aspergillus sclerotiorum, isolated by Huber (1930 Huber ( , 1933 ) from surface washings of normal apples and subsequently described by him, caused active decay of uninoculated apples and pears stored at 18-22 C. Aspergillus alliaceus was originally discovered (Walker and Lindegren, 1924) as a wound parasite of onions and A. elegans was reported from this same substrate by EI-Helaly et al. (1962) . The ability of members of the A. ochraceus group to withstand -osmophilic conditions is reflected by their frequent occurrence in the Orient on dried and salted fermented fish products. The type culture {)f A. melleus Yukawa was isolated from such a substrate. One strain in our survey, A. ostianus NRRL 3524 (A-15156), came from a dried fish product but did not produce either ochratoxin or aflatoxin in our laboratory even though it was originally reported by Scott et al. (1967) to produce aflatoxin.
Strains of four species of the group A . ochraceus, A. elegans, A . .alliaceus, and A. petrakii , are known to have been isolated from dead insects, and members of the group appear to be associated with disease -conditions of insects (Burnside, 1930; Voros, 1957) . The fact that a strain identified as A. ochraceus was utilized as food by nine of 12 species of stored-product mites investigated by Sinha (1964) may indi-<::ate that insects play a role in dissemination of this fungus as they Mv<:oLOGIA, VOL. -64, 1972 have been shown to do with other storage fungi. In rusty grain beetles ( Cr:yptolestes ferruginetts) , on the other hand, only traces of feeding and no oviposition were observed when A. ochraceus was the feeding medium (Loschiavo and Sinha, 1966) .
Some degree of correlation between species or group identity and the production of secondary metabolites such as aflatoxin, citrinin, and penicillin has been recognized. However, exceptions are not uncommon and no broad conclusions can be drawn. Our data appear to support the opinion that the ability to produce a particular secondary metabolite is indicative of, but does not confirm, species or group relationships.
With the exception of A. auricomus (all six strains typical and negative) and A. melleus (two typical strains negative), the ability to produce ochratoxin is apparently common throughout the A. ochraceus group. No conclusions can be drawn regarding A. elegans since negative results were obtained with the one typical strain tested.
While certain strains of all other species in the group produced ochratoxin under our experimental conditions, toxin-producing isolates were concentrated in only three species: A. alliaceus, A. sclerotiorum, and A. ochraceus. The single strain of A. sulphureus. produced significant amounts of both A and B, but no general conclusions can be dra,vn from so small a sample. All four of these species typically produce large, abundant, discrete sclerotia as compared with A. auncomus and A. mellells in which sclerotia are much smaller and produced in a confluent layer. Other characters permit species separation. Although four of nine strains of A. sclerotiorum produced ochratoxin, yields were low or very low. It may be significant that the two strains giving the higher yields were typical sclerotial strains maintained as lyophilized preparations since they were received in 1945. Atypical strains similarly maintained produced little or no ochratoxin, while entirely typical strains, long maintained by periodic transfer, gave negative results.
Aspergillus alliaceus probably is less closely related to the other species in the A. ochraceus group than the remainder are to one another. Only this species produces large black sclerotia which in some strains have been shown to produce multiple cleistothecia within their stroma-like bodies after extended incubation. The species is distinctive and readily identifiable. This may, in fact, account for the consistency of our results: seven strains, seven positives (one very low).
Aspergillus ocJzraceus, on the other hand, is a large and variable species. Among the cultures included in our survey, certain strains show characteristics transitional toward elegans, petrakii, and melleus. The one strain of A. melleus that gave positive results may well be an intermediate between that species and A. ocJzraceus. The two highest yielding strains disclosed in our survey are identified as A. ocJzraceus; one typical, the other atypical.
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